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12  inches  (30.5  cm  by  30.5  cm).  Thermal  conductivity  was  measured  in  a  calibrated,  Rapid-k 
instrument  (Hoi  ometri  cs ,  Cambridge,  MA).  Multiple  trials  verified  accuracy  and 
reproducibility  for  all  U/G  tested.  Significant  difference  between  U/G  samples  was 
achieved  by  ANOVA  and  Tukey  HSD  tests  with  p  <  0.05  accepted  as  significant.  Compressibility 
data  at  1.1  psi  (2.5  FSW  equivalent  suit  squeeze)  demonstrated  Flectalon  most  compressible 
(-60.7%),  DMC  moderately  compressible  (-48.6%)  and  DUI  least  compressible  (-34.5%). 

Further  compression  to  2.2  psi  (5.0  FSW)  was  minimal.  Absorbency  testing  was  analyzed  for 
the  water  weight  gain  for  the  U/G,  per  se,  and  U/G  per  unit  thickness.  Overall,  DMC  U/G 
were  very  absorbent  compared  to  DUI  and  Flectalon  U/6.  Insulation  values  were  analyzed 
dry  and  wet  (saturated),  at  1.1  psi  for  both  the  U/6,  per  se,  and  U/G  per  unit  thickness. 

In  summary,  dry  U/G  per  unit  thickness  showed  few  differences,  range  1.55  ±  0.02  to  1.78 
±  0.11  Clo/cm  (mean  ±  SO,  N=5).  Saturated  with  water,  the  superior  U/6,  per  se,  were 
Flectalon,  DUI  M-60Q  and  one  DMC  U/6  using  Dupont  Dacron-II™  batting.  The  range  was 
0.14  t  0.01  to  0.19  ±  0.07  do.  The  superior  wet  U/6,  per  unit  thickness,  included  the 
above  and  M-400  DUI  U/G,  the  range  being  0.21  ±  0.03  to  0.32  ±  0.08  Clo/cm.  In 
conclusion,  rating  compressibility,  absorbency  and  insulation  (wet),  the  superior  U/G 
included  Flectalon  and  DUI  U/G,  M-400  and  M-600  weights.  DMC  U/G  were  ranked  next, 
primarily  due  to  high  absorbency.  The  DMC  radiant  barrier  did  not  significantly  affect 
insulation  by  contributing  any  reflected  radiant  energy  based  upon  the  small  temperature 
gradient  between  skin  and  water  according  to  work  done  by  Stefan  and  Boltzmann. 
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I .  INTRODUCTION 


Seledion  of  dry  suit  undergarment  material  has  recently  been  based  on 
personal  preference  and  anecdotal  evidence  of  undergarment  thermal  performance 
without  any  measurement  of  heat  flux  or  heat  loss  by  calorimetry  in  divers. 

In  1982,  a  V’el'' -control  1  ed,  unmanned  study  determined  that  a  hydrophobic, 
microfibrous  material  (Thinsulate,  3-M  Corporation,  St.  Paul,  MN)  was  superior 
in  both  insulation  and  compressibility  compared  to  the  commonly  used  open-cell 
foam  undergarment  material  (1). 

Presently,  an  international  market  survey  conducted  at  the  Navy 
Experimental  Diving  Unit  (NEDU)  has  obtained  39  different  undergarment 
comoinations  chat  are  being  considered  for  use  in  extreme  cold  water  diving 
(28.4°  to  35  °F,  -2.0°  to  1.7  °C).  Many  are  using  new  materials  never 
evaluated  for  thermal  protection.  From  these  39  undergarment  samples,  a 
preliminary  evaluation  at  NEDU  has  determined  that  nine  undergarments  were  the 
most  promising  for  superior  insulation,  both  dry  and  wet.  In^-l’ided  in  this 
evaluation  were  the  most  commonly  used  undergarments  by  cold  water  ul'- 
units  in  the  U.S.  and  Royal  Navies,  as  determined  by  an  informal  survey.  With 
undergarment  selection,  like  dry  suit  selection,  being  by  diver  preference  in 
the  U.S.  Navy  (2),  NEDU  then  conducted  a  controlled,  unmanned  study  of  these 
nine  dry  suit  undergarments.  This  study  was  part  of  a  larger  task  to  man  test 
and  evaluate  diver  Passive  Thermal  Systems  (PTS),  such  as  dry  suits  and 
undergarments . 

The  thermal  performance  of  these  unde’T.arment  materials  was  determined  by 
measuring  thermal  conductivity  which  allowed  a  calculation  of  insulation,  both 
dry  and  wet.  Dry  suit  squeeze  also  limits  thermal  insulation  by  compressing 
the  layer  of  trapped  dead  air  space.  Therefore,  the  degree  of  undergarment 
compressibility  was  measured  at  typical  dry  suit  squeeze  levels.  Since  all 
dry  suits  eventually  develop  leaks  due  to  improper  use,  defects  in  material  or 
lack  of  attention  to  routine  dry  suit  maintenance,  the  degree  of  undergarment 
water  absorbency  was  also  measured.  A  flooded  dry  suit  not  only  decreases 
insulation,  trapped  water  may  also  create  a  dangerous  negative  buoyancy 
problem  underwater.  In  addition,  the  weight  of  the  absorbed  water  within  the 
undergarment  may  make  it  impossible  for  the  diver  to  exit  the  water  without 
topside  assistance.  In  certain  combat  or  rescue  swimming  situations,  topside 
assistance  may  not  be  available. 

Beyond  insulation,  compressibility  and  absorbency,  manned  evaluation  of 
undergarments  should  also  evaluate  the  human  factors  of  dexterity,  flexibility 
and  overall  ability  to  swim  as  well  as  the  actual  measurement  of  heat  loss 
using  these  various  undergarments.  In  our  research  on  Passive  Thermal  Systems 
(PTS),  we  could  only  devote  time  to  selecting  one  optimal  undergarment  for 
both  human  factors  and  thermal  physiological  evaluation  of  diver  performance 
dui ii]g  extreme  cold  water,  long  duration  dives  in  the  cold  water  swimming 
flume  at  NEDU.  In  an  effort  to  assist  U.S.  Navy  cold  water  divers  in  Special 
Warfare  (SPECV/AR),  Explosive  Ordnance  Disposal  (EOD),  the  Underwater 
Construction  Teams  (UCT),  and  Mobile  Diving  and  Salvage  Units  (MDSU)  the 
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results  of  this  study  allowed  us  to  rank  the  performance  of  these  nine 
undergarment  materials  to  better  help  divers  select  optimal  undergarments. 

1 1 .  riETHODS 


A.  UNDERGARMENTS 

Using  the  manufacturing  and  undergarment  composition  key  below,  the  nine 
undergarments  tested  are  found  in  Table  #1.  All  undergarment  samples  were 
new,  12  in.  by  12  in.  (30.5  cm  by  30.5  cm)  swatches  received  directly  from  the 
manufacturers.  From  Defense  Marketing  Consultants  (DMC),  there  were  four 
undergarments  using  Arctic  Fleece,  a  thick  flannel-like  material.  These 
undergarments  also  had  a  mylar,  radiant  film  which  the  DMC  company  claimed  to 
reflect  body  heat  back  to  the  diver.  The  insulative  batting  layers  in  the  DMC 
undergarments  included  both  polyester  and  Thinsulate  material.  The  DMC,  B 
sample  is  known  commercially  as  DMC  27°,  formerly  called  Underwave.  DMC,  B 
uses  a  batting  made  of  Dacron-II™  polyester,  not  Thinsulate.  It  is  the 
preferred  undergarment  by  SPECWAR  Swimmer  Delivery  Vehicle  (SDV)  Team  One. 
Flectalon  is  a  production  composite  undergarment  preferred  by  the  Special  Boat 
Squadron  (SBS)  of  the  United  Kingdom  (U.K.)  Special  Forces,  Royal  Navy.  The 
M-400  weight  of  Thinsulate  is  currently  issued  to  the  EOD  U.S.  Navy  Divers 
using  a  crushed  neoprene  dry  suit.  The  M-600  Thinsulate  is  made  of  two  layers 
of  M-400  and  M-200  weight  Thinsulate,  also  used  by  various  cold  water  diving 
units  in  the  U.S.  Navy.  The  Thinsulate  tested  had  either  a  flannel  or  vapor 
impermeable  nylon  covering  on  one  side  with  vapor  permeable  nylon  on  the  other 
side . 


B.  COMFKESSIBILITY  TESTING 

The  thickness  of  each  sample,  in  Inches  and  cm,  was  repeatedly  measu’^^d  in 
the  uncompressed  and  compressed  state  using  a  caliper.  The  degree  of  dry  suit 
squeeze  for  an  equivalent  depth  of  2.5  feet  of  sea  water  (FSW)  is  1.1  pounds 
per  square  inch  (PSI).  This  would  approximate  the  depth  of  the  feet  in  a 
diver,  free-swimming.  Likewise,  in  the  erect  position  underwater,  5.0  FSW 
would  be  2.2  PSI  of  suit  squeeze.  Using  lead  weights  equally  distributing 
weight  over  a  known  surface  area  of  the  undergarment  material,  caliper 
measurement  were  repeated  three  times  and  averaged  to  determine  the  degree  of 
dry  suit  squeeze. 

C.  ABSORBENCY  TESTING 

In  order  to  simulate  a  dry  suit  leak,  there  are  two  ways  to  determine  the 
degree  of  absorbency.  Completely  saturating  the  undergarment  would  determine 
the  maximum  amount  of  water  retained.  This,  however,  was  very  difficult  to 
control  with  much  of  the  water  coming  out  of  the  undergarment  when  it  was 
removed  fiom  the  water.  Being  that  leaks  mostly  develop  in  the  upper 
extremities,  neck  seal  and  upper  torso  zipper  in  dry  suits,  most  water  usually 
migrates  through  the  material  down  to  collect  in  the  feet.  Therefore,  we 
completely  saturated  the  undergarments  overnight  in  a  bath  and  after  removing 
them  from  the  water,  they  were  allowed  to  drain  until  the  dripping  stopped. 
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The  wet  undergarments  were  then  weighed,  in  a  plastic  bag,  on  an  electronic 
scale,  tared  for  the  weight  of  the  bag.  This  was  the  most  reproducible  way 
for  us  to  simulate  dry  suit  leaks.  The  mean  weight  of  wet  samples  over  five 
different  soakings  is  reported  in  grams,  as  well  as  percent  increase  over  the 
dry  weight.  The  absolute  weight  of  water  weight  gain  is  also  reported  which 
may  be  useful  to  predict  loss  of  buoyancy  from  a  flooded  dry  suit. 

Multiple  measurements  were  made  of  the  dry  weight,  wet  weight,  water 
weight  gain  for  the  undergarment  and  the  undergarment  per  unit  thickness 
allowing  comparison  between  undergarment  materials.  These  multiple  trials 
allowed  statistical  tests,  Analysis  of  Variance  (ANOVA)  followed  by  the  Tukey 
Highly  Signifif'ant  Difference  (HSD)  test,  to  determine  significant 
differences,  accepted  at  the  P  <  0.05  level. 

D.  THERMAL  CONDUCTIVITY  TESTING 

The  effectiveness  of  these  undergarments  to  act  as  insulation  was  first 
determined  by  measuring  their  ability  to  conduct  heat,  i.e.,  thermal 
conductivity,  which  allowed  a  calculation  of  the  degree  of  insulation.  This 
was  repeatedly  measured  in  all  undergarments  using  a  calibrated  thermal 
conductivity  in^fU'^ent  (Rapid-k,  Holometriccs ,  Inc.,  Cambridge,  MA) .  The 
unit  of  thermal  insulation,  the  Clo,  was  then  calculated  from  the  thermal 
conductivity  measurements.  Results  of  compressibility  testing  confirmed  that 
further  compression  from  2.5  FSW  to  5.0  FSW  did  not  compress  the  undergarment 
more  than  3.2  to  13.1%.  Therefore,  all  thermal  conductivity  measurements  were 
made  with  a  simulated  suit  squeeze  of  2.5  FSW  by  compressing  the  undergarment 
sample  in  the  Rapid-k  instrument.  By  using  a  plastic  bag,  which  was 
determined  not  to  influence  the  measurement  of  thermal  conductivity,  no  water 
was  lost  when  the  sample  was  compressed  in  the  Rapid-k  instrument. 

Calculations  of  thermal  insulation  for  both  the  undergarment,  per  se,  and  per 
unit  thickness  were  made  for  each  undergarment,  dry  and  wet.  This  permitted  a 
comparison  of  insulation  between  undergarments,  as  well  as  the  material,  per 
unit  thickness. 

The  owner's  manual  of  the  Rapid-k  instrument  emphasized  that  for  accurate 
conductivity  measurements,  the  ratio  of  the  thermal  conductivity  coefficient,  k 
to  the  thickness  of  the  material  being  tested  should  not  exceed  2 
BTU/hr*f t2*'’F  which  is  also  12  W/m2*°F  (page  13,  reference  3).  In  order  to 
satisfy  this  requirement,  all  wet  samples  were  tested  in  series  with  one  sheet 
of  Thinsulate  M-400  batting  on  top  of  the  cold  plate.  The  reported  data 
excludes  Luis  layer  of  Thinsulate. 

The  actual  measurement  of  thermal  conductivity  in  the  Rapid-k  instrument 
was  made  by  measuring  the  heat  flux  between  a  temperature  controlled  cold 
plate  and  warm  plate.  Temperatures  chosen  for  the  cold  and  warm  plates 
simulated  the  water  temperature  and  skin  temperature  during  a  typical  long 
duration  dive  in  32  F  (0  C)  water.  The  five  equations  below  simply  explain 
how  the  calculafion  of  insulation  in  units  of  Clo  were  made  in  this  study.  A 
more  detailed  review  of  measuring  the  thermal  characteristics  of  damp 
hydrophobic,  microfibrous  batt  was  reported  by  Steele  in  1987  (4). 
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1.  Heat  Flux. 


Q  =  q  *  y 


where ; 

Q  = 


q  = 
y  = 


I  un  i  t  s 

heat  flux  engineering  units  W/m^ 

with:  W=watts,  m=meters,  Biu=BriLish  Tlienr.ai 
f t=foot . 

Rapid-k  heat  flux  in  units  of  mV,  millivolts 
calibration  constant 


Equation  (1) 
English  unj  t s 
BTU/hr*ft2 
iinits,  hr=hour  and 


2.  Temperature,  using  "T"-type  thermocouples  in  the  Rapid-k  instrument. 
T  =  A  +  B*e  +  C*e2  Equation  (2) 


where : 
T  = 
E  - 

A  = 
B  = 
C  = 


temperature 

temperature  measurement  in  mV 
for  hot  and  cold  plates. 


Celcius 


0.0°C 

25.8°C 

-1.10 


Fahrenheit 


32 .2°F 
78.4°F 
-0.611 


3.  Conductive  Heat  Transfer  Coefficient,  k 

k  =  q  *  (delta  x/delta  T)  Equation  (3) 


where : 

k  =  Conductivity  heat  transrer 
coefficient 

delta  X  =  distance  between  plates 
delta  T  =  temperature  difference 
between  hot  and  cold 


S_._I  ._un_i_t  s 
W*cm/m‘"'°C 


cm 

o 

c 


Eng lish  units 
BTU*in/hr*ft?*°F 


in 

o 

F 


4.  Insulation  value,  Clo 

CIo  =  delta  x  /  k  *  z  Equation  (4) 

wli  ere  ; 

7,  -  ronverr.ion  factor  0.155  C*m^/W*Clo  in  S.I.  units 

0.88  °F*ft2*hr/BTU*Clo  in  English  units 


E.  fn.'.ulation  value  per  unit  thickne-ss 


Flo 


t  I’i  i  {  km 


1  n  cm 


Equation  (5) 


TABLE  ,'/lA 


MAmiFACTURKK  KEY 
AOP  =  Arktis  Outdoor  Products  (Exeter,  England) 

DMC  -  Defense  Marketing  Consultants  (Seattle,  Washington) 

DUl  =  Diving  Unlimited  International  (San  Diego,  California) 

COMPOSITION  KEY 

A  --  Nylon  (Taslin),  one  layer 
P.  '  Nylon  (Taffeta),  one  layer 

C  --  Nylon  (Taffeta),  coated  with  neoprene  (vapor  harrier) 

n  =  Mylar  radiant  film,  two  layers,  with  three  alternating  layers  of  fine 
nylon  netting 

E  r:  Arctic  fleece,  16  07.  polyester 

F  =  Dacron  II  (DuPont),  4  oz  batting  covered  on  both  sides  with  one  layer  each 
of  mylar  and  fine  nylon  netting. 

C  -  Thinsulate  (3-M),  M-400  batting 

il  =  Thinsulate  (3-M),  M-200  batting 

I  -  Thermolite  (DuPont),  8  oz  batting 

J  =  Pertex,  lightweight  nylon,  one  layer  (4  oz) 

K  =  Flectalon  filaments,  polyme*'  or  PVC  small  filaments,  coated  with  aluminum 
(I'^n  gm)  covered  by  a  scrim. 

L  =  Slimtex  polyester  batting  (3.3  to  18.0  d'tex  fiber  size)  covered  on  both 
sides  by  a  thin  bonded  layer  and  on  one  side  by  2  oz  nylon. 

M  =  Bodypelt,  100%  nylon  pile,  3  mm. 

N  =  Flannel,  thin,  bonded  layer. 
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AMPLE  NAME  MAtIUEACTllRER  COMPOSITION  (OUTS  I  PE  TO  SKI  '  SIDE) 
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I] I.  RESULTS 


A.  COMPRESS IRILITY  TESTING 

The  results  of  the  compressibilty  testing  are  found  in  Table  It?..  In 
summary,  compressibility  data  at  2.5  FSW  (1.1  PSI)  of  simulated  suit  squetze 
ranged  in  percent  change  from  -30.4%  for  M-400 ,  flannel  Thinsulate  to  as  higli 
as  -62.5%  for  the  DMC ,  C  sample.  Figure  #1  illustrates  the  changes  in 
compressibility  for  all  the  undergarment  samples. 

B.  ABSORBENCY  TESTING 

Table  //3  lists  the  results  of  absorbency  testing  for  both  the 
undergarment,  per  se,  and  per  unit  thickness.  The  results  are  best 
illustrated  in  Figure  itl.  For  such  a  great  number  of  comparisons,  Tahlfu; 
and  //5  list  the  statistically  significant  differences  for  the  wa* er  weight 
increase  for  the  garment  and  garment  per  unit  thickness,  respect  ’  vely.  A 1  c. c 
noted  in  Tables  //4  and  /i5  are  Group  numbers  1-3,  arbitrarily  selected  to 
rank  the  undergarments.  In  sununary,  DMC  and  especially  Artie  Fleece 
undergarments  were  significantly  shown  to  be  much  more  absorbent  over  the  t'  ur 
Thinsulate  undergarments  and  the  Flectalon  undergarment.  This  held  true  lo^r 
the  undergarment,  per  se,  and  per  unit  thickness. 

C.  TilERM/.L  CONDUCTIVITY  TESTING 

In  Table  Ub,  the  results  of  dry  ana  wet  insulation  for  the  undergarments, 
per  se,  and  per  unit  thickness  are  listed.  Figures  //3  and  //4  show  these 
comparisons  for  wet  vs.  dry  undergarments.  Supporting  Figures  ?/3,  are  Tables 
in  and  #8  which  demonstrate  statistically  significant  differences  between  dry 
and  wet  undergarment  samples.  Likewise,  the  statistical  comparison  between 
dry  and  wet  undergarment  samples  per  unit  thickness  are  found  in  Tables  and 
#10.  In  summary,  the  degree  of  insulation  of  dry  undergarments  was,  of 
course,  related  to  their  thickuiesses  and  ranged  from  0.67  to  1.07  Clo.  As 
expected,  the  differences  between  dry  undergarments  per  unit  thickness  was 
very  small  ranging  from  1.56  to  1.78  Clo/cm. 

The  important  comparisons  were  between  wet  undergarment  samples.  Both  ot 
the  M-600  Thinsulate  undergarments  were  not  significantly  different  in 
insulation  from  Flectalon.  Although  there  was  no  significant  difference 
between  Thinsulate  and  DMC,  B,  I’lectalon  was  found  to  be  significant  ly  better- 
in  in.sulation  than  DMC,  B.  When  comparing  the  insulation  per  unit  thickness 
between  wet  undergarments,  there  were  no  significant  differenct's  bet-ween 
Thinsulate,  Flectalon  and  DMC,  R. 

Overall  ranking  of  the  nine  undergarments  for  absorbency  by  water  weight 
gain  and  insulation  both  dry  and  wet,  is  best  shown  in  fable  •■■11,  ur.ii'.;'  a  ]  t 
1  s  ('  a  1  e  . 
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FIGURE  #  1  COMPRESSIBILITY 


SAMPLE  #  AND  NAME 


TABLE  #3  -  DEGREE  OF  ABSORBENCY:  GARMENT  AND  GARMENT/CM 
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table . pAl _ MULTIPLE  COMPARISON  TEST  (TUK LY  -  HONESTLY  SIGNIFICANT  D IFF ERENCE) 

RESULTS  FOR  GARMENT  WATER  WEIGHT  INCREASE 


6  7  9 
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5  8 
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2  1 


M-400  Flannel 
M-400  VB 
M-600  VB 
FI  ec  tal  on 
M-600  Flannel 

DMC ,  B  «  »  .  »  » 

Artie  Fleece  »  «  *  «  » 

DMC,  W  «  *  .  »  * 

DMC,  C  .  *  ,  ,  * 

Denotes  pairs  or  groups  significantly  different  at  P  < 


4  3 


*  tt  H 
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*  yt 
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TABLE  #5-.  UNDERGARMENT  (PER  UNIT  THICKNESS)  COMPARISON,  ABSORBENCY 


SAMPLE  # 


967854123 


M-600  VB 

M-400  FI annel  • 

M-400  VB 

M-600  Flannel  * 

Flectalon  * 

DMC ,  W  «  *  *  «  « 

Artie  Fleece  »  «  *  «  . 

DMC ,  B  »  «  »  »  * 

DMC ,  C  »  »  *  *  « 

Denotes  pairs  or  groups  significantly  different  at  P  <  .05 


*  *  * 


*  *  * 
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TABLE  //6  INSULATION;  GARMENT  AND  GARMENT /CM 
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FIGURE  §  3  INSULATION 
WET  VS  DRY 
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SAMPLE  #  AND  NAME 


TA BLE  #7:  UNOERGAPMENT  COMPARISON.  PRY 


7  M-400  LIB 

6  M-400  Flannel 

2  DMC,  B 

1  Artie  Fleece 

4  DMC ,  W 

8  M-600  Flannel 

9  M-600  VB 

5  Flectalon 

3  DMC ,  C 


SAMPLE 

GROUP 

1  4 

8 

9 

5 

3 
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X 

X 

X 

2 

X 

X 

X 

X 

*  *  *  » 


*  *  * 


«  X  K 


1 


*  Denotes  pairs  or  groups  significantly  different  at  P  <  .05,  Tukey  -  HSD  statistical  test. 


TABLE  #8:  UNDERGARMENT  COMPARISON.  WET 

SAMPLE  # 

146372895 

1  Arctic  Fleece  *  *  *  * 

4  DMC,  W  »  .  * 

6  M-400  Flannel  *  * 

3  DMC,  C  *  * 

7  M-4C0  VB  *  * 

2  DMC,  B 

8  M-600  Flannel  *  * 

9  M-600  VB  »  .  «  ,  . 

SFlcctalon  »*»»»« 

*  Denotes  pairs  or  groups  significantly  different  at  P  <  .05 
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FIGURE  #  4  INSULATION  PER  UNIT  THICKNESS 

WET  VS  DRY 
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SAMPLE  #  AND  NAME 


TABLE  #9 :  UNDERGARMENT  (PER  UNIT  THICKNESS)  COMPARISON.  DRY 


SAMPLE  #  GROl 

417286953 

4  DMC,  W  »»»*»» 

2 

1  Artie  Fleece  »»*.»* 

7  M-400  VB  »  * 

2  DMC,  B  *  * 

8  M-600  Flannel  *  * 

6  M-400  Flannel  *  " 

1 

9  M-600  VB 

3  Flectalon  »  »  »  »  » 

3  DMC,  C  »  .  .  »  » 

*  Denotes  pairs  or  groups  significantly  different  at  P  <  .05,  Tukey  -  HSD  statistical  test. 

TABLE  UNDERGARMENTS  fPER  UNIT  THICKNESS)  COMPARISON.  WET 

SAMPLE  « 

143687295 

1  Arctic  Fleece  *»*»»» 

4  DiMC,  W  «»«*»» 

3  DMC,  C  .  »  » 

6  M-400  Flannel  * 

8  M  -600  FI  anncl  *  * 

7  M-400  VB  »  * 

2  DMC,  B  *  * 

9  M-600  VB  .  *  * 

SFlc'C  talon  »a*« 

*  Denotes  pairs  of  groups  significantly  different  at  P  <  .05. 
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TABLE  ft  11: _ UNDERGARMTIN-L  RANK  I NG 
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IV.  DISCUSSION 


The  best  undergarments  for  insulation  dry  and,  most  importantly,  wet  were 
the  M-600  Thinsulate  undergarments  and  Flectalon.  The  M-400  weight  Thinsulate 
undergarments  are  less  thick  but  still  have  excellent  insulating  capacity  when 
wet.  There  was  no  difference  between  flannel  and  vapor  barrier  Thinsulate 
samples.  One  negative  feature  of  Flectalon  is  the  high  loft  and 
compressibility,  which  may  also  explain  why  it  is  very  difficult  for  operators 
using  Flectalon  to  don  their  dry  suits  without  great  assistance.  This  high 
loft  may  also  restrict  mobility  on-land  during  insertion  exercises.  In 
addition,  Flectalon  is  an  imported,  composite  undergarment  relying  on 
materials  from  outside  the  United  Kingdom.  Considering  that  Flectalon  is 
equal  in  insulation  to  Thinsulate  when  wet,  one  can  speculate  that  if 
Flectalon  used  the  hydrophobic  batting,  Thinsulate,  it  would  indeed  become  the 
most  superior  undergarment. 

What  detracts  from  the  DMC ,  B  undergarment  is  the  very  high  water 
absorbency  which  could  reduce  insulation  and  buoyancy  if  there  was  a  dry  suit 
leak.  The  other  DMC  undergarments  and  Arctic  Fleece  were  found  to  be  very 
substandard  for  reasons  of  relatively  high  compressibility  and  absorbency 
giving  overall  poor  insulation  values  when  wet. 

This  method  of  measuring  thermal  conductivity  cannot  assess  whether  a 
vapor  barrier  could  help  to  prevent  heat  loss  from  evaporation  of  water  or 
perspiration  from  the  skin.  However,  this  study  did  demonstrate  that  the 
radiant  barrier.  Mylar,  did  not  influence  the  value  of  thermal  conductivity  by 
relect;ng  any  energy.  With  the  temperature  difference  between  the  diver's 
skin  and  the  w'ater  being  only  40  F,  and  much  less  within  the  insulation 
materiai,  there  would  be  no  significant  energy  reflected  back  to  the  diver  by 
any  radiant  barrier.  Stefan's  Law  of  reflected,  radiant  energy  requires  the 
temperature  difference  to  be  raised  to  the  fourth  power,  thus  requiring  a  very 
large  temperature  gradient  for  any  appreciable  radiant  energy  reflection.  In 
the  dry  environment,  especially  at  high  altitudes  or  in  space,  radiant 
barriers  do  help  to  reflect  away  intense  radiation  from  the  sun. 

V.  CONCLUSION 

Based  upon  undergarment  ranking  using  water  weight  gain  and  insulation  dry 
and  wet,  the  most  superior  undergarments  were  M-600  weight  Thinsulate  and 
Flectalon.  Thinsulate  may  be  preteried  over  Flectalon  due  to  being  less 
rom.pres.s  i  ble  . 


The  next  best  undergarment  is  DMC,  K,  Although  it  is  a  good  insulator  if 
wet,  it  is  very  absorbent  which  may  create  a  negative  buoyancy  problem  with 
dry  suit  flooding.  Being  50%  less  in  insulating  batting  than  M-600  weight 
Thinsulate;  M-400  weight  Thinsulate  is  also  a  good  insulator,  even  wet,  for 
.shorter  duration  divco  oi  dives  in  moderately  cold  water.  The  other  DMC 
undergarments  and  Arctic  Fleece  were  not  acceptable  due  tc  high 
comp  re.ss  i  b  i  1  i  ty  ,  absorbency  and  poor  insulation  if  wet. 
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